Recently, the prognosis of multiple myeloma has been improved by using high-dose chemotherapy followed by autologous peripheral blood stem cell transplantation (ASCT), bortezomib, and immunomodulatory drugs including thalidomide and lenalidomide. On the other hand, treatment strategy remains difficult for refractory and relapse cases. Here, we report the successful treatment of low-dose lenalidomide maintenance therapy followed by salvage ASCT in a heavily treated patient with multiple myeloma. This 58-year-old woman with IgG-λ multiple myeloma had a 5th recurrence in June, 2011. It was 7 years post-diagnosis, and she had received conventional therapies such as VAD, MP therapy. Furthermore, the patient had already been treated with ASCT, bortezomib, and thalidomide therapy. At the 5th recurrence, she had extramedullary plasmacytoma in the left orbit. She initially received bortezomib and dexamethasone therapy as induction therapy. After peripheral blood stem cell collection, radiation therapy was performed. The patient then received a second ASCT. Three months later, the response was very good partial response. Finally, the patient was treated with 5 mg/day lenalidomide orally as a maintenance therapy, and she achieved stringent complete response after 2 months according to International Myeloma Working Group response criteria. Low-dose lenalidomide maintenance therapy might be also useful for ASCT as salvage therapy, although further studies are warranted.
Introduction
Recently, myeloma survival has markedly improved by high-dose chemotherapy with autologous peripheral blood stem cell transplantation (ASCT) in young patients [1, 2] . Furthermore, novel agents such as bortezomib, and immunomodulatory drugs have been recently become available [2] . On the other hand, this treatment strategy might be considered difficult for refractory and relapse patients. One of the choices of salvage therapy is ASCT, which has been reported useful and safe [3] [4] [5] . The other option might involve using novel agents. Some reports are available using novel agents after relapse or progression after frontline therapy including ASCT [6, 7] . We report here a case of successful treatment of heavily treated myeloma patient with low-dose lenalidomide maintenance therapy after second ASCT as salvage therapy.
Case Report
A 58-year-old woman was diagnosed as having 5th recurrence because of the extra medullary mass in June 2011. She was diagnosed with symptomatic multiple myeloma IgG-lambda [8] and clinical stage was II according to the International Scoring System (ISS) [9] in March 2003. She had already received conventional chemotherapy such as VAD [10] , MP [11] therapies. Moreover, she was treated with a high-dose of melphalan therapy followed by autologous peripheral blood stem cell transplantation (ASCT), thalidomide, and bortezomib ( Table 1) . Magnetic resonance imaging also showed an extra medullary mass of the left orbital part of the frontal bone (Figure 1(a) ). At the 5th recurrence, anemia, renal dysfunction, and hypercalcemia were not detected. Serum protein electrophoresis showed an M-spike, and IgG was 2284 mg/dL (normal range: 870 -1700), while IgA and IgM were suppressed, 38 mg/dL, and 42 mg/dL, respectively. Bence-Jones protein was positive in the urine. Bone marrow aspirate We first performed 1cycle of bortezomib and dexamethasone therapy. As the patient experienced grade 2 peripheral neuropathy (PN), we discontinued the therapy. Next, we tried peripheral stem cell collection after etoposide, dexamethasone, cytarabine, and cisplatin therapy [12] , followed by radiation therapy of 40 Gy divided into 20 fractions. The PN had been recovered into grade 1 after the radiation therapy. After that, the patient received ASCT. The conditioning regimen [13] consisted of bortezomib in addition to high dose melphalan. Bortezomib was administered intravenously at 1 mg/m 2 on days -6, -3, 1, and 4, with dexamethasone 16 mg/body. Melphalan was administered intravenously at 200 mg/m 2 on day -2. The response after three months of the ASCT was very good partial response (VGPR) according to the International Myeloma Working Group (IMWG) response criteria [14] . We then administered 5 mg of lenalidomide orally as maintenance therapy. After 2 months of maintenance therapy, the serum free light chain kappa/lambda ratio was 0.67 (normal range: 0.26 -1.65) and flow cytometric analysis of the kappa/lambda ratio of neoplastic cells was normal by bone marrow aspirate.
[18F]-fluorodeoxyglucose positron emission tomography-computed tomography showed no extramedullary mass (Figure 1(b) ). Therefore, she achieved stringent complete response (sCR) according to the IMWG response criteria. sCR has since been maintained for 6 months.
Discussion
Recently, myeloma survival has been markedly improved by ASCT [1] , bortezomib, and immunomodulatory drugs including thalidomide and lenalidomide [1, 2] . Furthermore, the prolonged survival has been reported for patients with recurrence after ASCT using novel agents [6, 7] . It was also reported that second transplantation was effective and safe as salvage therapy [3] [4] [5] . However, more than 4 prior-lines of therapies are reported as prognostic factors for worsening after second ASCT [3] . She had already received 5 prior-line therapies, and had been administered novel agents such as thalidomide and bortezomib, thus, a limited effect might have been expected from the second ASCT.
Recently, much data concerned with conventional cytogenetic and FISH analysis has been accumulated and which might be widely considered related to the prognosis [15, 16] . In the present case, del13q and IgH-FGFR3 were recognized by FISH analysis. IgH-FGFR3 rearrangement was generally considered as a worse prognostic factor of high dose melphalan therapy [15] . On the other hand, it was reported that bortezomib containing regimens might be effective in patients with IgH-FGFR3 rearrangements [17] . Indeed, the patient in the present case achieved VGPR with bortezomib and dexamethasone therapy at the 4th recurrence. Thus, we administered bortezomib in addition to high-dose melphalan as conditioning regimen [13] , as has been done by a French group [18] .
The impact of maintenance therapies has also been reported [19] [20] [21] [22] . Very recently, McCarthy et al. reported the superior overall survival of low-dose lenalidomide therapy as maintenance therapy after the first-line ASCT compared to placebo in a phase III intergroup study [22] . We administered low-dose lenalidomide as a maintenance therapy after second transplantation. Lenalidomide has been reported to have multiple mechanisms in the treatment of myeloma patients. With the low-dose of lenalidomide therapy, the mechanism for anti-myeloma effect might be mainly immunomodulatory effects and anti-inflammatory activities, while it might not have direct antitumor activities in this setting, and anti-angiogenesis from in vitro studies and pharmacokinetics studies in vivo [23] [24] [25] . Our patient achieved sCR after two months of low dose lenalidomide maintenance therapy.
It was already 7 years after diagnosis, and she had been a heavily treated patient. Despite this the present case achieved sCR with low-dose lenalidomide as maintenance therapy after second ASCT. In conclusion, lowdose lenalidomide maintenance therapy might be useful for ASCT as salvage therapy, although further studies are warranted.
